HIV-associated neurocognitive disorders (HAND) remain highly prevalent in the era of cART, but there are no validated psychological interventions aimed at improving cognitive outcomes. This study sought to determine the potential benefit of semantic cueing on category fluency deficits, which are prevalent in HIV and impact daily functioning. Eighty-six HIV-infected individuals and 87 demographically matched seronegative participants were administered a standard (i.e., uncued) and a cued category fluency task. Results revealed significant improvements in cued versus uncued performance in HIV, particularly for persons with lower levels of education. The cueing benefit observed may inform rehabilitation efforts aimed at ameliorating HAND.
fluency paradigm. Verbal fluency deficits are a viable target for this preliminary work because it is a common feature of HAND {e.g., 5} and is a unique predictor of everyday functioning activities, including medication and financial management {6, 7}.
Approximately half of HIV-infected individuals are impaired on verbal fluency tasks {5}, which require rapid, self-initiated search and retrieval from lexico-semantic memory stores in order to generate as many words as possible within 60 seconds that begin with a particular letter or belong to a specific semantic category. HIV infection is generally associated with mild-to-moderate deficits in both letter and category fluency, which tend to worsen with disease progression {8}. One influential neuropsychological theory suggests that optimal verbal fluency performance depends on two dissociable components, namely, clustering and switching {9, 10}. Specifically, clustering refers to the generation of words within specific semantic subcategories and is thought to be an automatic retrieval process mediated by temporal systems and semantic memory stores {e.g., 11}. Switching describes the ability to disengage from one lexico-semantic cluster in order to search for, engage, and retrieve words from another relevant cluster {10} and is viewed as a more controlled executive (i.e., strategic) aspect of verbal fluency associated with frontal systems {e.g., 12 , 13}. Within this framework, HIV-associated fluency deficits appear to be primarily reflective of deficits in switching, but not clustering {14, 15, 16 17} , which is consistent with underlying HIVassociated frontostriatal neuropathogenesis. Of clinical relevance, deficits in verbal fluency switching are uniquely predictive of self-reported declines in instrumental activities of daily living among older HIV-infected adults {17}. Moreover, HIV-associated switching impairment is exacerbated when the demands to switch are explicit and rapid {14}, such as in an alternating category fluency paradigm. Both implicit and explicit switching abilities in HIV infection have also been associated with well-validated tests of executive functions {14, 17}, providing further evidence that HIV-associated fluency impairment appears to be driven by the strategic components of the task (e.g., cognitive flexibility).
This pattern of verbal fluency switching deficits may be amenable to improvement through provision of semantic cues, which would presumably reduce the executive demands of the task. Cued fluency interventions have been successful in improving verbal fluency performance in other populations with frontal systems dysfunction and corresponding deficits in switching. For example, Randolph et al. {18} found that individuals with Parkinson's and Huntington's disease benefitted significantly from cueing, whereas individuals with Alzheimer's disease did not. Consistent with this notion, Drane et al. {19} reported that epileptic individuals with frontal lobe seizure onset benefited significantly more from cueing than those with temporal lobe seizure onset, even while controlling for baseline performance on the uncued semantic fluency task. Considering this literature and the growing need for ways to improve cognition in HIV, the primary aim of this study was to determine whether fluency performance in HIV-infected individuals may be improved with semantic cueing aids.
Method Participants
Participants included 86 HIV-infected individuals and 87 seronegative comparison subjects (total N = 173) who were recruited from the San Diego community and local HIV clinics.
All subjects were enrolled within the last three years (date range May, 2008-February 2011) in a NIMH-funded R01 (MH073419) examining the combined effects of HIV and aging on prospective memory at the San Diego HIV Neurobehavioral Research Program. Although the groups did not differ in age (or other demographics), all participants were ≤40 or ≥50 years of age due to the design of the parent study. Given this restriction, age group (i.e., ≤40 or ≥50 years) was considered in our statistical models to ensure that the observed findings were not an artifact of the parent study design. HIV serostatus was confirmed by enzyme linked immunosorbent assays (ELISA) and a Western Blot confirmatory test.
Participants were excluded if they met Diagnostic and Statistical Manual of Mental Disorders (DSM-IV 4 th ed.) criteria {20} for current psychiatric conditions (i.e., Major Depressive or Generalized Anxiety Disorders) or recent substance abuse or dependence (i.e., within six months of evaluation) as determined by the Composite International Diagnostic Interview (CIDI version 2.1) {21}. Individuals were also excluded if they tested positive for illicit drugs (other than marijuana) on a urine toxicology screen administered on the day of testing. Additional exclusion criteria included histories of severe psychiatric conditions (e.g., schizophrenia), neurological diseases (e.g., seizure disorders, closed head injuries with loss of consciousness greater than 15 minutes, active CNS opportunistic infections), or medical conditions (e.g., advanced liver disease) known to affect cognition, or an estimated verbal IQ score of less than 70 based on the Wechsler Test of Adult Reading (WTAR) {22}.
Demographic, psychiatric, substance use, medical, and HIV disease characteristics are presented in Table 1 . The study groups were comparable in terms of age, education, sex, and ethnicity (all ps > 0.10). While the HIV-infected individuals had a slightly greater proportion of individuals with diagnoses of lifetime Major Depressive Disorder and hepatitis C virus (all ps < 0.05), the groups did not differ in proportions of lifetime Generalized Anxiety Disorder or lifetime Substance Use Disorders (both ps > 0.10).
Materials and Procedure
The procedures involved in this study were approved by the human subjects institutional review board at the University of California, San Diego. Each participant provided written, informed consent and was administered a standard measure of semantic fluency (i.e., Uncued Category Fluency) and a modified cued semantic fluency task (i.e., Cued Category Fluency) as part of a comprehensive neuropsychological, psychiatric, and medical evaluation. Categories for the semantic fluency tasks included "home items" and "supermarket items". In order to control for the use of different categories and any administration order effects, the semantic fluency categories (i.e., home items and supermarket items) and task format (i.e., Uncued versus Cued) were counterbalanced across subjects and the order of fluency task administration was randomized. The standard, Uncued Category Fluency task required participants to generate as many words as possible within 60 seconds that belonged to a particular category (i.e., home items or supermarket items). For the modified, Cued Category Fluency Task, participants were allowed 60 seconds total as in the standard fluency task, although it was broken into four 15-second blocks, each of which were preceded by a specific cue (i.e., a subordinate category) that was presented visually to the participant. The cues for home items included (1) office, (2) kitchen, (3) bedroom, and (4) bathroom, and the cues for supermarket items were (1) fruits and vegetables, (2) meat and seafood, (3) cleaning products, and (4) things that people drink.
Alongside the cued and uncued category fluency tasks, participants were also administered non-experimental verbal fluency tasks including letter (i.e., the letter "b"), and category (i.e., clothing) fluency. Participants were also administered a category fluency switching measure, where participants were asked to alternate between two semantic categories (i.e., animals and musical instruments) while generating as many words as possible within 60 seconds (e.g., dog, flute, cat, piano). Performance on the letter and category fluency tasks was indexed by the total number of correct responses, and performance on the category switching paradigm was determined by the total number of correct words generated (i.e., sum of total correct responses from both target categories) and total number of accurate switches (i.e., sum of correct across-category switches). Participants were also administered WTAR and the Boston Naming Test (BNT) {23} as indicators of semantic knowledge.
The remainder of the neuropsychological test battery included measures designed to assess cognitive domains commonly affected by HIV infection in accordance with Frascati guidelines {24}, including attention, executive functions, speed of information processing, motor skills, and learning and memory {see 6 for more detail}. Blind clinical ratings of impairment and demographically adjusted T-scores were determined for each cognitive domain using standard methods {see 24, 25}. The clinical ratings ranged from one (i.e., above average, T ≥ 55) to nine (i.e., severely impaired, T ≤ 20), where scores of 5 or higher (i.e., T < 40) indicated cognitive impairment {see 26}. A significantly greater proportion of HIV-infected group demonstrated overall neuropsychological impairment relative to the seronegative participants (p < 0.05; see Table 1 ).
Data Analyses
Data were first screened for significant outliers (i.e., data points > 3.5 SDs from the overall group mean) and evaluated for normality (i.e., Shapiro-Wilk W test, p < 0.05). While some of the variables of interest were non-normally distributed, the findings did not differ when non-parametric statistics were used. Thus, a parametric statistical approach was used throughout the analyses for consistency and ease of interpretation. The level of significance used for these analyses was designated as 0.05, two-tailed. First, a repeated measures analysis of variance (ANOVA) was conducted to examine the primary study hypotheses, with HIV serostatus as the between subjects factor and cueing (i.e., Cued and Uncued Category Fluency total scores) as the within subjects factor. Age group (i.e., ≤40 or ≥50 years) was also considered in the statistical models to ensure that the observed findings were not an artifact of the parent study design {16}. Follow-up independent-and paired-samples t-tests were conducted in order to explore between-and within-group differences, respectively, and effect sizes were calculated using Hedge's g statistics.
In order to explore factors that may be associated with the ability to benefit from cueing in the HIV infected group, we first conducted a median split on a calculated difference score variable (i.e., "Benefit Score"), which has been used as an indicator of cueing benefit in prior studies examining cued versus uncued fluency paradigms {e.g., 18}. The Benefit Score was calculated by subtracting the participant's overall score (i.e., total words recalled) on the Uncued Category Fluency test from his/her overall score on the Cued Category Fluency measure (i.e., Cued -Uncued). The median split derived from the Benefit Score (median = 1.0, range = −13 to 20) was then used to classify each HIV-infected individual into one of two groups; viz., "Cuing Benefit" or "No Benefit". This approach yielded 49 participants in the Cuing Benefit group (mean = 5.57, S.D. = 4.3) and 37 participants in the No Benefit group (mean = −4.14, S.D. = 3.2). Of note, we used the categorical Benefit/No Benefit variable because we were primarily interested in determining factors that may be attributed to the ability to benefit from cueing itself in the HIV group, rather than the degree of cueing benefit. However, the findings did not differ when the Benefit Score was examined as a continuous variable. Next, analyses exploring the relationship between the presence and magnitude of cueing benefit and potentially contributing demographic, psychiatric and substance use, medical, HIV disease and treatment characteristics and cognitive variables were confined to these two groups (i.e., the HIV-infected participant group only) to control for Type I error, and examined using independent samples t-tests (for continuous variables) or chi-squared tests (for categorical variables).
Results
Means and standard deviations for the study measures are presented in Table 1 . Analyses revealed poorer performance within the HIV-infected group on both Letter (p = 0.003) and Category (p < 0.001) fluency relative to their seronegative counterparts. The HIV-infected group also generated fewer words overall on the Category Switching paradigm (p < 0.001) and made fewer accurate switches (p < 0.001). The groups did not differ in oral word reading (i.e., WTAR) or confrontation object naming (i.e., Boston Naming Test) (both ps > 0.10). Figure 1 displays the relationship between HIV status and the total words generated on the Cued and Uncued Category Fluency tasks. Significant main effects were observed for HIVstatus [F(1,170) = 7.19; p = 0.008] and Fluency condition [F(1, 170) = 12.98; p < 0.001], although there was no significant interaction (p > 0.10) and no main effect of age group (p > 0.10). Follow-up analyses revealed that both the HIV-infected group (p = 0.002, g = 0.22) and their seronegative counterparts (p = 0.040, g = 0.32) generated more words on the cued fluency measure. In addition, the HIV-infected subjects generated slightly fewer words on the Uncued Category Fluency measure (p = 0.067, g = −0.28), and significantly fewer words on the Cued Fluency task relative to their seronegative counterparts (p = 0.007, g = −0.41).
The Cuing Benefit and No Benefit groups within the HIV-infected sample were comparable on age, ethnicity, and gender (ps > 0.10) factors; interestingly, however, the Cuing Benefit group had obtained significantly fewer years of education (M = 13.1, SD = 2.8) as compared to the No Benefit sample (M = 14.4, SD = 2.5; p = 0.026; g = 0.41). The Cuing Benefit and No Benefit groups did not differ in any other potentially confounding medical, psychiatric, substance use, or general cognitive factors (all ps > 0.10). On the non-experimental fluency tasks, those that benefitted from cueing performed significantly worse on the letter fluency task relative to those that did not benefit (p = 0.042, g = 0.41), although the two groups demonstrated comparable performance on the remainder of the tasks (category and category fluency switching, both ps > 0.10).
Discussion
Consistent with prior research on verbal fluency in HIV infection {8, 14, 15, 16, 17}, we found that serostatus was associated with mild to moderate verbal fluency impairment. Importantly, findings from this study suggest that HIV-associated category fluency deficits may be amenable to improvement with cueing. Specifically, we observed that performance in the HIV-infected group improved significantly when provided with structured cueing that reduced the executive demands of the task (g = 0.22). Of note, a similar degree of improvement from cueing was also observed in the seronegative comparison sample. Yet, when the executive demands were minimized (i.e., on the cued fluency task), performance of the HIV-infected group became nearly identical (mean number of words generated = 23.5, SD = 6.29) to that of their seronegative counterparts on the uncued fluency task (mean number of words generated = 24.0, SD = 6.80; p > 0.10, g = 0.06). Such findings are consistent with the cueing benefit observed in individuals with other conditions with category fluency deficits driven primarily by dysfunction in the executive (i.e., strategic) aspects of the task {e.g., 17, 18}. These results offer some hope that HIV-associated cognitive impairment and the potential subsequent functional decline may be alleviated to some degree with the use of cognitive strategies aimed at reducing the executive demands required for their everyday activities.
Results of this study also provide novel insight with regard to the potential contributing factors associated with benefit from cueing in HIV-infected individuals. Specifically, HIVinfected individuals who benefitted from cueing had significantly fewer years of education relative to those who did not benefit. No other significant demographic, psychiatric, or neuromedical associations with cueing were observed, suggesting that the education effect is unlikely to be an artifact of any of those factors. This finding echoes previous research showing that individuals with intractable frontal lobe epilepsy and limited formal education benefitted more from cueing than the better educated temporal lobe participants {18}.
Interestingly, while research has found that individuals with higher years of education may be more likely to benefit from cognitive strategies when undergoing cognitive rehabilitation {e.g., 28}, our findings run contrary to these data, and suggest that some individuals with lower education may indeed experience benefit from cognitive strategies in the context of targeted cognitive rehabilitation.
Of the cognitive variables examined (i.e., the clinical fluency measures and the BNT), only letter fluency performance was significantly associated with cueing benefit within the HIV group. Specifically, HIV infected individuals who benefitted from cueing performed moderately more poorly on the letter fluency task relative to those who did not benefit (g = −0.41). As letter fluency performance is thought to rely heavily on executive processes, this finding provides further support that HIV-associated executive dysfunction may be alleviated to some degree with strategies such as cueing whereby the executive demands are minimized. Arguing against the executive dysfunction hypothesis is the comparable performance between the groups observed on the category switching measure, which was unexpected given our prior research {i.e., 14} showing that category fluency switching is heavily reliant on executive processes. Thus, it is also possible that the letter fluency was simply a result of Type I error. Nonetheless, future research examining the specific executive processes that may dissociate the abilities required for optimal performance on these tasks may aid in the specification of HIV associated executive dysfunction and help in the development of specific cognitive strategies targeted towards the weaker executive abilities in this population.
Several limitations of this study are worth noting. First, due to the design of the parent study, our sample did not include individuals between the ages of 40 and 50 years. However, age was included in the statistical analyses to account for this potential confound. Moreover, significant associations were lacking between age and cueing benefit, though it is possible that some HIV infected individuals were already functioning. Second, these findings are limited to the exemplar noun categories used in this study (i.e., home and supermarket items), raising questions about the generalizability to other categories (e.g., proper nouns) as well as other fluency paradigms, such as letter and action (i.e., verb) fluency {29}. Lastly, the generalizability of these findings may be limited by the exclusion of individuals with current DSM-IV axis I disorders and our relatively immunologically healthy HIV sample.
In conclusion, results from this study provide further support for verbal fluency impairment in HIV infection and novel insight into the potential benefit of cognitive strategies such as cueing in the remediation of this deficit, particularly for HIV-infected individuals with fewer years of education. While a direct examination between cueing benefit and improvement in daily functioning was not conducted in this study, preliminary research in HIV infection has suggested that other cognitive interventions (e.g., spaced retrieval strategies) may have important functional implications (e.g., may improve medication adherence) {3}. Future research should investigate this possibility, and similar paradigms could be included in cognitive intervention studies attempting to alleviate HIV associated cognitive impairment. For example, one could examine the potential benefits of cueing (e.g., providing structured subcategories) during performance on script generation tasks, which has been shown to be impaired in individuals with HIV-associated neurocognitive disorders and is highly relevant to everyday functioning {30}. Moreover, one could also examine the potential benefits of categorization techniques, which involve cueing strategies and have been successfully implemented through cognitive intervention programs in other clinical populations (e.g., mild cognitive disorder) {31}. Categorization training involves teaching individuals to organize (i.e., categorize) large amounts of related information (e.g., a list of medications, important tasks, or groceries) into relevant or meaningful subcategories which then act as cues for retrieval. To our knowledge, categorization techniques have not been formally examined in HIV-infected individuals, although may be a valuable technique to examine in future cognitive intervention studies, as it can be easily implemented and rehearsed in the clinical setting (e.g., asking participants to recall lists of nouns) and can also be generalized to tasks related to activities of everyday life that are highly relevant to the HIV-infected population (e.g., recalling a list of medications, a shopping list, or a "to do" list). For example, if an individual needed to remember his/her of current medications to recall at a future medical appointment, he/she could mentally organize each medication into specific and meaningful subcategories (e.g., morning/afternoon/evening medications, HIV/ psychiatric/other medical illness medications), thereby providing internal cues (i.e., subcategories) that may facilitate accurate recall of the medication list. These strategies may be further individually modified if specific HIV-associated cognitive deficits (e.g., susceptibility to intrusions) appear to be interfering with accurate recall. Finally, future research examining the longitudinal effects of cognitive cueing intervention procedures is necessary to formally examine the sustainability of cueing improvement following such interventions. If effective at ameliorating HIV associated cognitive deficits, such interventions may provide valuable insight into the treatment of HIV associated neurocognitive disorders, and may subsequently improve the ability of affected individuals to carry out essential activities of daily living (e.g., medication adherence). Significant main effects of HIV serostatus (i.e., HIV+ and HIV−) and standard versus cued fluency output (ps < 0.05). 
